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(54) Gas sensor 

(57) Disclosed is a gas sensor (10A) for measuring 
a NOx concentration comprising a main pumping cell 
(44) and a detecting electrode (60), the main pumping 
cell (44) including an electrode (an inner pumping elec- 
trode (40) and an outer pumping electrode (42)) having 
no decomposing/reducing ability for NOx or a low 
decomposing/reducing ability for NOx, to be used so 
that an oxygen concentration in a first chamber (18) is 
controlled to have a predetermined value at which NO is 
not substantially decomposable, and the detecting elec- 
trode (60) having a certain decomposing/reducing abil- 

FIG.1 



ity for NOx or a high decomposing/reducing ability for 
NOx, to be used so that NOx is decomposed to meas- 
ure the NOx concentration by measuring an amount of 
oxygen produced during this process, wherein a buffer- 
ing space (22) is provided between a gas-introducing 
port (24) and the first chamber (18). Accordingly, it is 
possible to avoid any influence of exhaust gas pressure 
pulsation generated in a measurement gas and improve 
the measurement accuracy on the detecting electrode. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 5 

[0001] The present invention relates to a gas sensor 
for measuring oxides such as NO. N0 2 , S0 2 , C0 2 , and 
H 2 0 contained in, for example, atmospheric air and 
exhaust gas discharged from vehicles or automobiles, 10 
and inflammable gases such as CO and CnHm. 

Description of the Related Art: 

[0002] Those hitherto known as the method for meas- is 
uring NOx in a measurement gas such as combustion 
gas include a technique in which the NOx-reducing abil- 
ity of Rh is utilized to use a sensor comprising a Pt elec- 
trode and an Rh electrode formed on an oxygen ion- 
conductive solid electrolyte such as zirconia so that an 20 
electromotive force generated between the both elec- 
trodes is measured. 

[0003] However, the sensor as described above suf- 
fers the following problems. That is, the electromotive 
force is greatly changed depending on the change in 25 
concentration of oxygen contained in the combustion 
gas as the measurement gas. Moreover, the change in 
electromotive force is small with respect to the change 
in concentration of NOx. For this reason, the conven- 
tional sensor tends to suffer influence of noise. 30 
[0004] Further, in order to bring out the NOx-reducing 
ability, it is indispensable to use a reducing gas such as 
CO. For this reason, the amount of produced CO is gen- 
erally smaller than the amount of produced NOx under 
a lean fuel combustion condition in which a large 3s 
amount of NOx is produced. Therefore, the conven- 
tional sensor has a drawback in that it is impossible to 
perform accurate measurement for a combustion gas 
produced under such a combustion condition. 
[0005] In order to solve the problems as described 40 
above, for example, Japanese Laid-Open Patent Publi- 
cation No. 8-271476 discloses a NOx sensor compris- 
ing pumping electrodes having different NOx- 
decomposing abilities arranged in a first internal space 
which communicates with a measurement gas-existing 45 
space and in a second internal space which communi- 
cates with the first internal space, and a method for 
measuring the NOx concentration in which the 0 2 con- 
centration is adjusted by using a first pumping cell 
arranged in the first internal space, and NO is decom- so 
posed by using a decomposing pumping cell arranged 
in the second internal space so that the NOx concentra- 
tion is measured on the basis of a pumping current flow- 
ing through the decomposing pump. 
[0006] Further, Japanese Laid-Open Patent Publica- 55 
tion No. 9-1 13484 discloses a sensor element compris- 
ing an auxiliary pumping electrode arranged in a 
second internal space so that the oxygen concentration 



in the second internal space is controlled to be constant 
even when the oxygen concentration is suddenly 
changed. 

[0007] In general, the gas sensor is affected by any 
pulsation or fluctuation of the exhaust gas pressure 
generated in a measurement gas when the gas sensor 
is practically used in a vehicle or an automobile. As a 
result, the oxygen existing in the external space sud- 
denly enters the fist space of the gas sensor. 
[0008] In order to solve this problem, for example, 
there have been hitherto adopted an arrangement in 
which the diffusion rate-determining section provided 
between the gas-introducing port and the first space is 
composed of a porous member, and an arrangement in 
which the diffusion rate-determining section is formed to 
have a slit-shaped configuration or the diffusion rate- 
determining section is formed by inserting a porous 
member into a slit. 

[0009] However, it has been revealed that the influ- 
ence of the exhaust gas pressure pulsation cannot be 
effectively avoided even when the arrangement as 
described above is adopted, because of the following 
reason. That is, when the pressure in the external space 
is positive as compared with the pressure in the first 
space due to the exhaust gas pressure pulsation, the 
oxygen in the external space suddenly enters the first 
space as if it protrudes toward the first space. 
[0010] The pressure in the external space is negative 
as compared with the pressure in the first space at the 
point of time of completion of the protruding supply of 
oxygen to the first space. However, the oxygen, which 
has been once supplied to the first space, is not dis- 
charged through the diffusion rate-determining section 
via a route opposite to the supply route. Therefore, in 
such a case, the oxygen is merely pumped out to the 
external space by means of the pumping action effected 
by a main pump. The main pump performs the pumping 
process so that the oxygen concentration in the first 
space is a predetermined concentration. However, a 
certain degree of time is required to allow the oxygen 
concentration to arrive at the predetermined concentra- 
tion. During this period of time, the phenomenon occurs, 
in which the oxygen is suddenly supplied to the first 
space again due to the exhaust gas pressure pulsation. 
Consequently, it is impossible to efficiently perform the 
operation for controlling the oxygen concentration in the 
first space to be the predetermined concentration by 
using the main pump. 

[001 1 ] As a result, it is inevitable that the correlation is 
deteriorated between the oxygen concentration in the 
measurement gas and the oxygen pumping amount 
effected by the main pump in the first space. It is feared 
that the disturbance of the oxygen concentration in the 
first space may cause deterioration concerning the con- 
trol of oxygen concentration in the second space which 
communicates with the first space, and concerning the 
measurement accuracy on the detecting electrode 
which serves as a NOx-detecting section. 
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SUMMARY OF THE INVENTION 

[0012] The present invention has been made taking 
the foregoing problems into consideration, an object of 
which is to provide a gas sensor which makes it possible 
to avoid any influence of exhaust gas pressure pulsation 
generated in a measurement gas and improve the 
measurement accuracy on a detecting electrode. 
[001 3] According to the present invention, there is pro- 
vided a gas sensor comprising a main pumping means 
for pumping-processing oxygen contained in a meas- 
urement gas introduced from an external space via a 
gas-introducing port into a processing space formed 
and comparted by solid electrolytes contacting with the 
external space so that a partial pressure of oxygen in 
the processing space is controlled to have a predeter- 
mined value at which a predetermined gas component 
as a measurement objective is not decomposable; and 
an electric signal-generating conversion means for 
making conversion into an electric signal corresponding 
to an amount of oxygen contained in the measurement 
gas after being pumping-processed by the main pump- 
ing means; wherein a measurement gas component 
contained in the measurement gas is measured on the 
basis of the electric signal supplied from the electric sig- 
nal-generating conversion means; the gas sensor fur- 
ther comprising a buffering space provided between the 
gas-introducing port and the processing space. 
[001 4 J According to the present invention, at first, the 
oxygen, which is contained in the measurement gas 
irttioduced from the external space, is pumping-proc- 
essed by the main pumping means, and the oxygen is 
adjusted to have a predetermined concentration. The 
measurement gas, which has been adjusted for the oxy- 
gen concentration by the main pumping means, is intro- 
duced into the electric signal-generating conversion 
means in the next step. The electric signal-generating 
conversion means decomposes the measurement gas 
component contained in the introduced measurement 
gas by means of catalytic action and/or electrolysis, to 
make conversion into the electric signal corresponding 
to the amount of oxygen produced by the decomposi- 
tion. The measurement gas component contained in the 
measurement gas is measured on the basis of the elec- 
tric signal supplied from the electric signal-generating 
conversion means. 

[0015] The predetermined gas component includes, 
for example, NO, and the measurement gas component 
includes, for example, NOx. 

[001 6] When the electric signal-generating conversion 
means comprises a measuring pumping means, the 
measurement gas, which has been adjusted for the oxy- 
gen concentration by the main pumping means, is intro- 
duced into the measuring pumping means. 
[0017] The measuring pumping means decomposes 
the measurement gas component after being pumping- 
processed by the main pumping means, by means of 
catalytic action and/or electrolysis, and it pumping-proc- 



esses oxygen produced by the decomposition. The pre- 
determined gas component corresponding to an 
amount of oxygen is measured on the basis of a pump- 
ing current generated in the measuring pumping means 

5 in accordance with the amount of oxygen pumping- 
processed by the measuring pumping means. 
[0018] In another aspect, the electric signal-generat- 
ing conversion means comprises a concentration- 
detecting means. In this case, the measurement gas, 

10 which has been adjusted for the oxygen concentration 
by the main pumping means, is introduced into the con- 
centration-detecting means in the next step. An electro- 
motive force of an oxygen concentration cell is 
generated in the concentration-detecting means, which 

is corresponds to a difference between an amount of oxy- 
gen contained in a reference gas and an amount of oxy- 
gen produced by decomposition of the predetermined 
gas component contained in the measurement gas. The 
measurement gas component corresponding to the 

20 amount of oxygen is measured on the basis of the elec- 
tromotive force. 

[0019] In the meantime, the oxygen suddenly enters 
the sensor element via the gas-introducing port on 
account of the pulsation of the exhaust gas pressure in 

25 the external space. However, the oxygen from the exter- 
nal space does not directly enter the processing space, 
but it enters the buffering space which is disposed at the 
upstream stage thereof. In other words, the sudden 
change in oxygen concentration due to the exhaust gas 

30 pressure pulsation is counteracted by the buffering 
space. The influence of the exhaust gas pressure pulsa- 
tion on the processing space is in a degree of almost 
negligible. 

[0020] As a result, the oxygen-pumping amount 

35 effected by the main pumping means in the processing 
space is well correlated with the oxygen concentration 
in the measurement gas, and it is possible to improve 
the measurement accuracy obtained by using the 
measuring pumping means. Simultaneously, the 

40 processing space can be commonly used, for example, 
as a sensor for determining the air-fuel ratio. 
[0021] It is preferable for the gas sensor according to 
the present invention that a first diffusion rate-determin- 
ing section for giving a predetermined diffusion resist- 

45 ance to the measurement gas is provided on an 
introducing route for the measurement gas into the buff- 
ering space, and a second diffusion rate-determining 
section for giving a predetermined diffusion resistance 
to the measurement gas is provided on an introducing 

so route for the measurement gas from the buffering space 
into the processing space. 

[0022] In this case, the buffering space has its volume 
which is determined on the basis of at feast each of the 
diffusion resistances of the first diffusion rate-determin- 
55 ing section and the second diffusion rate-determining 
section. 

[0023] It is also preferable that the buffering space has 
its front opening which constitutes the gas-introducing 



3 



3NSDOCID: <EP 0937930 A2_l_> 



5 



EP 0 937 980 A2 



6 



port, and the first diffusion rate-determining section is 
formed so that the gas-introducing port is covered 
therewith. 

[0024] It is also preferable that the first and second dif- 
fusion rate-determining sections are formed as narrow 5 
communication passages respectively. In this case, it is 
preferable that the respective communication passages 
are formed so that a position of the communication pas- 
sage for constructing the first diffusion rate-determining 
section is not coincident with a position of the communi- 
cation passage for constructing the second diffusion 
rate-determining section as viewed on projection planes 
opposed to a direction of introduction of the gas. 
[0025] Each of the first and second diffusion rate- 
determining sections may be made of a porous mem- 
ber. 

[0026] It is desirable for the gas sensor described 
above that an area of a projection plane of the buffering 
space, which is opposed to a direction of introduction of 
the gas, is not less than an area of a projection plane of 
the processing space, which is opposed to the direction 
of introduction of the gas. Accordingly, the volume of the 
buffering space is increased. Therefore, the function to 
counteract the exhaust gas pressure pulsation is effec- 
tively exhibited, and thus it is possible to eliminate 
almost all influences of the exhaust gas pressure pulsa- 
tion on the processing space. 

[0027] In another aspect, the gas sensor may be con- 
structed such that a clogging-preventive section and a 
buffering space are provided in series between the gas- 30 
introducing port and the processing space, the gas- 
introducing port is formed at a front opening of the clog- 
ging-preventive section, and a diffusion rate-determin- 
ing section for giving a predetermined diffusion 
resistance to the measurement gas is provided between 35 
the clogging-preventive section and the buffering space. 
[0028] In this aspect, the gas sensor is prevented from 
clogging of particles (for example, soot and oil combus- 
tion waste) produced in the measurement gas in the 
external space, which would be otherwise caused at the 40 
inlet of the buffering space or in the vicinity thereof. 
Thus, it is possible to measure the predetermined gas 
component more accurately. 

[0029] The above and other objects, features, and 
advantages of the present invention will become more 45 
apparent from the following description when taken in 
conjunction with the accompanying drawings in which a 
preferred embodiment of the present invention is shown 
by way of illustrative example. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

FIG. 1 shows a sectional view illustrating an ss 
arrangement of a gas sensor according to a first 
embodiment; 

FIG. 2 shows a sectional view taken along a line II- 



II shown in FIG. 1; 

FIG. 3 shows a front view illustrating the gas sensor 

according to the first embodiment; 

FIG. 4 shows a sectional view taken along a line IV- 

IV shown in FIG. 1 ; 

FIG. 5 shows a sectional view taken along a line V- 

V shown in FIG. 1 ; 

FIG. 6A shows a characteristic illustrating a result 
of a first illustrative experiment to observe the value 
of the pumping current flowing through a main 
pumping cell, obtained when the concentration of 
oxygen contained in the measurement gas is 
changed for a gas sensor concerning Comparative 
Example; 

FIG. 6B shows a characteristic illustrating a result 
of the first illustrative experiment, obtained for a gas 
sensor concerning Working Example 1 ; 
FIG. 7A shows a characteristic illustrating a result 
of a second illustrative experiment to observe the 
value of the detection current flowing through a 
measuring pumping cell, obtained when the con- 
centration of oxygen contained in the measurement 
gas is changed for the gas sensor concerning Com- 
parative Example; 

FIG. 7B shows a characteristic illustrating a result 
of the second illustrative experiment, obtained for 
the gas sensor concerning Working Example 1 ; 
FIG. 8 shows a sectional view illustrating a modified 
embodiment of the gas sensor according to the first 
embodiment; 

FIG. 9 shows a sectional view illustrating an 
arrangement of a gas sensor according to a second 
embodiment; 

FIG. 10 shows a sectional view taken along a line 
X-X shown in FIG. 9; 

FIG. 1 1 shows a front view illustrating the gas sen- 
sor according to the second embodiment; 
FIG. 12 shows a sectional view taken along a line 

XII- XII shown in FIG. 9; 

FIG. 13 shows a sectional view taken along a line 

XIII- XIII shown in FIG. 9; 

FIG. 14A shows a characteristic illustrating a result 
of a third illustrative experiment to observe the 
value of the pumping current flowing through a 
main pumping cell, obtained when the concentra- 
tion of oxygen contained in the measurement gas is 
changed for a gas sensor concerning Comparative 
Example; 

FIG. 14B shows a characteristic illustrating a result 
of the third illustrative experiment, obtained for a 
gas sensor concerning Working Example 2; 
FIG. 15 shows a sectional view illustrating a modi- 
fied embodiment of the gas sensor according to the 
second embodiment; 

FIG. 16 shows a sectional view illustrating an 
arrangement of a first modified embodiment con- 
cerning the diffusion rate-determining section of the 
gas sensor according to the second embodiment; 
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FtG. 17 shows a sectional view taken along a line 
XVIi-XVII shown in FIG. 16; 
FIG. 18 shows a sectional view illustrating an 
arrangement of a second modified embodiment 
concerning the diffusion rate-determining section of 5 
the gas sensor according to the second embodi- 
ment; 

FIG. 19 shows a sectional view taken along a line 
XIX-XIX shown in FIG. 18; 

FIG. 20 shows a sectional view illustrating an 10 
arrangement of a gas sensor according to a third 
embodiment: 

FIG. 21 shows a front view illustrating the gas sen- 
sor according to the third embodiment; 
FIG. 22 shows a sectional view taken along a line 15 
XXII-XXII shown in FIG. 20; 
FIG. 23 shows a front view illustrating a modified 
embodiment of the gas sensor according to the 
third embodiment; 

FIG. 24 shows a modified embodiment of the gas 20 
sensor according to the third embodiment, illustrat- 
ing a sectional view taken along the same line as 
the line XXII-XXII shown in FIG. 20; 
FIG. 25 shows a sectional view illustrating an 
arrangement of a gas sensor according to a fourth 25 
embodiment; 

FIG. 26 shows a front view illustrating the gas sen- 
sor according to the fourth embodiment; 
FIG. 27 shows a sectional view taken along a line 
XXVI l-XXVII shown in FIG. 25; 30 
FIG. 28 shows a sectional view illustrating an 
arrangement of a gas sensor according to a fifth 
embodiment; 

FIG. 29 shows a sectional view illustrating an 
arrangement of a modified embodiment of the gas 35 
sensor according to the fifth embodiment; 
FIG. 30 shows a sectional view illustrating an 
arrangement of a first modified embodiment con- 
cerning the diffusion rate-determining section of the 
gas sensor according to the fifth embodiment; and 40 
FIG. 31 shows a sectional view illustrating an 
arrangement of a second modified embodiment 
concerning the diffusion rate-determining section of 
the gas sensor according to the fifth embodiment. 

45 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0031 ] Explanation will be made below with reference 
to FIGS. 1 to 29 for several illustrative embodiments in so 
which the gas sensor according to the present invention 
is applied to gas sensors for measuring oxides such as 
NO, N0 2 , S0 2 , C0 2 , and H 2 0 contained in, for exam- 
ple, atmospheric air and exhaust gas discharged from 
vehicles or automobiles, and inflammable gases such 55 
as CO and CnHm. 

[0032] As shown in FIG. 1 , a gas sensor 10A accord- 
ing to the first embodiment includes a sensor element 



14 comprising, for example, six stacked solid electrolyte 
layers 12a to 12f composed of ceramics based on the 
use of oxygen ion-conductive solid electrolytes such as 
2r0 2 . 

[0033] In the sensor element 14, first and second lay- 
ers from the bottom are designated as first and second 
substrate layers 12a, 12b respectively. Third and fifth 
layers from the bottom are designated as first and sec- 
ond spacer layers 12c, 12e respectively. Fourth and 
sixth layers from the bottom are designated as first and 
second solid electrolyte layers 12d, 12f respectively. 
[0034] A space (reference gas-introducing space) 16, 
into which a reference gas such as atmospheric air to 
be used as a reference for measuring oxides is intro- 
duced, is formed between the second substrate layer 
1 2b and the first solid electrolyte layer 1 2d, the space 1 6 
being comparted by a lower surface of the first solid 
electrolyte layer 12d, an upper surface of the second 
substrate layer 12b, and side surfaces of the first spacer 
layer 12c. 

[0035] A first chamber 1 8 for adjusting the partial pres- 
sure of oxygen in a measurement gas is formed and 
comparted between a lower surface of the second solid 
electrolyte layer 12f and an upper surface of the first 
solid electrolyte layer 12d. A second chamber 20 for 
finely adjusting the partial pressure of oxygen in the 
measurement gas and measuring oxides, for example, 
nitrogen oxides (NOx) in the measurement gas is 
formed and comparted between the lower surface of the 
second solid electrolyte layer 12f and the upper surface 
of the first solid electrolyte layer 12d. 
[0036] The gas sensor 10A according to the first 
embodiment comprises a buffering space 22 which is 
formed at the front end of the second spacer layer 1 2e. 
A front end opening of the buffering space 22 consti- 
tutes a gas-introducing port 24. A first diffusion rate- 
determining section 26 is formed so that the gas-intro- 
ducing port 24 is covered therewith. 
[0037] The buffering space 22 communicates with the 
first chamber 18 via a second diffusion rate-determining 
section 28. The first chamber 1 8 communicates with the 
second chamber 20 via a third diffusion rate-determin- 
ing section 30. That is. the buffering space 22 is formed 
at the front end of the second spacer layer 12e. and it is 
comparted by the lower surface of the second solid 
electrolyte layer 12f, the upper surface of the first solid 
electrolyte layer 12d, the first diffusion rate-determining 
section 26, and the second diffusion rate-determining 
section 28. 

[0038] The first diffusion rate-determining section 26 
gives a predetermined diffusion resistance to the meas- 
urement gas introduced into the buffering space 22. in 
this embodiment, as shown in FIG. 1, the first diffusion 
rate-determining section 26 is made of a porous mate- 
rial (for example, an ARON ceramic material) through 
which the measurement gas can be introduced. On the 
other hand, the second and third diffusion rate-deter- 
mining sections 28, 30 give predetermined diffusion 
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resistances to the measurement gas introduced into the 
first chamber 18 and the second chamber 20 respec- 
tively. In this embodiment, as shown in FIGS. 2, 3, 4, 
and 5, each of them is formed as a slit 32 or 34 which 
has a vertical length longer than a horizontal length and 5 
which has a predetermined cross-sectional area so that 
the measurement gas may be introduced thereinto. 
Both of the slits 32, 34 are formed at substantially cen- 
tral portions in the widthwise direction of the second 
spacer layer 12e. 10 
[0039] A porous member composed of, for example, 
Zr0 2 may be charged and arranged in the slit 34 of the 
third diffusion rate-determining section 30 so that the 
diffusion resistance of the third diffusion rate-determin- 
ing section 30 may be larger than the diffusion resist- is 
ance of the second diffusion rate-determining section 
28. The diffusion resistance of the third diffusion rate- 
determining section 30 is preferably larger than that of 
the second diffusion rate-determining section 28. How- 
ever, no trouble occurs even when the former is smaller 20 
than the latter. 

[0040] The atmosphere in the first chamber 1 8 is intro- 
duced into the second chamber 20 under the predeter- 
mined diffusion resistance via the third diffusion, rate- 
determining section 30. 25 
[0041 ] An inner pumping electrode 40 having a sub- 
stantially rectangular planar configuration and com- 
posed of a porous cermet electrode (for example, a 
cermet electrode of Pt*ZrC>2 containing 1 % Au) is 
formed on the entire lower surface portion for forming 30 
the first chamber 18, of the lower surface of the second 
solid electrolyte layer 121 An outer pumping electrode 
42 is formed on a portion corresponding to the inner 
pumping electrode 40, of the upper surface of the sec- 
ond solid electrolyte layer 12f. An electrochemical 35 
pumping cell, i.e., a main pumping cell 44 is constructed 
by the inner pumping electrode 40, the outer pumping 
electrode 42, and the second solid electrolyte layer 12f 
interposed between the both electrodes 40, 42. 
[0042] A desired control voltage (pumping voltage) 40 
Vp1 is applied between the inner pumping electrode 40 
and the outer pumping electrode 42 of the main pump- 
ing cell 44 by the aid of an external variable power 
source 46 to allow a pumping current Ip1 to flow in a 
positive or negative direction between the outer pump- 45 
ing electrode 42 and the inner pumping electrode 40. 
Thus, the oxygen in the atmosphere in the first chamber 
18 can be pumped out to the external space, or the oxy- 
gen in the external space can be pumped into the first 
chamber 18. 50 
[0043] A reference electrode 48 is formed on a lower 
surface portion exposed to the reference gas-introduc- 
ing space 16, of the lower surface of the first solid elec- 
trolyte layer 12d. An electrochemical sensor cell, i.e., a 
controlling oxygen partial pressure-detecting cell 50 is ss 
constructed by the inner pumping electrode 40, the ref- 
erence electrode 48, the second solid electrolyte layer 
12f, the second spacer layer 12e, and the first solid 



electrolyte layer 12d. 

[0044] The controlling oxygen partial pressure-detect- 
ing cell 50 is operated as follows. That is, an electromo- 
tive force is generated between the inner pumping 
electrode 40 and the reference electrode 48 on the 
basis of a difference in oxygen concentration between 
the atmosphere in the first chamber 18 and the refer- 
ence gas (atmospheric air) in the reference gas-intro- 
ducing space 16. The partial pressure of oxygen in the 
atmosphere in the first chamber 18 can be detected by 
using the electromotive force. 

[0045] The detected value of the partial pressure of 
oxygen is used to feedback-control the variable power 
source 46. Specifically, the pumping operation effected 
by the main pumping cell 44 is controlled by the aid of a 
feedback control system 52 for the main pump so that 
the partial pressure of oxygen in the atmosphere in the 
first chamber 18 has a predetermined value which is 
sufficiently low to control the partial pressure of oxygen 
in the second chamber 20 in the next step. 
[0046] The feedback control system 52 comprises a 
circuit constructed to feedback-control the pumping cur- 
rent Vp1 between the outer pumping electrode 42 and 
the inner pumping electrode 40 so that a difference 
(detection voltage V1) between an electric potential of 
the inner pumping electrode 40 and an electric potential 
of the reference electrode 48 is at a predetermined volt- 
age level. In this embodiment, the inner pumping elec- 
trode 40 is grounded. 

[0047] Therefore, the main pumping cell 44 pumps out 
or pumps in oxygen in an amount corresponding to the 
level of the pumping voltage Vp1 , of the measurement 
gas introduced into the first chamber 18. The oxygen 
concentration in the first chamber 18 is subjected to 
feedback control to give a predetermined level by 
repeating the series of operations described above. In 
this state, the pumping current lp1 , which flows between 
the outer pumping electrode 42 and the inner pumping 
electrode 40. indicates the difference between the oxy- 
gen concentration in the measurement gas and the con- 
trolled oxygen concentration in the first chamber 18. 
The pumping current Ip1 can be used to measure the 
oxygen concentration in the measurement gas. 
[0048] Each of the inner pumping electrode 40 and the 
outer pumping electrode 42 is composed of a porous 
cermet electrode which is made of a metal such as Pt 
and a ceramic such as ZrC 2 . It is necessary to use a 
material which has a weak reducing ability or no reduc- 
ing ability with respect to the NO component in the 
measurement gas, for the inner pumping electrode 40 
disposed in the first chamber 18 to make contact with 
the measurement gas. ft is preferable that the inner 
pumping electrode 40 is composed of, for example, a 
compound having the perovskite structure such as 
La 3 Cu0 4 , a cermet comprising a ceramic and a metal 
such as Au having a low catalytic activity, or a cermet 
comprising a ceramic, a metal of the Pt group, and a 
metal such as Au having a low catalytic activity. When 



6 



ISDOCID: <EP 0937B80A2J_> 



11 



EP0 937 980 A2 



12 



an alloy composed of Au and a metal of the Pt group is 
used as an electrode material, it is preferable to add Au 
in an amount of 0.03 to 35 % by volume of the entire 
metal component. 

[0049] In the gas sensor 10A according to the first 
embodiment, a detecting electrode 60 having a sub- 
stantially rectangular planar configuration and com- 
posed of a porous cermet electrode is formed at a 
portion separated from the third diffusion rate-determin- 
ing section 30, on an upper surface portion for forming 
the second chamber 20, of the upper surface of the first 
solid electrolyte layer 12d. An alumina film for construct- 
ing a fourth diffusion rate-determining section 62 is 
formed so that the detecting electrode 60 is covered 
therewith. An electrochemical pumping cell, i.e., a 
measuring pumping cell 64 is constructed by the detect- 
ing electrode 60, the reference electrode 48, and the 
first solid electrolyte layer 12d. 

[0050] The detecting electrode 60 is composed of a 
porous cermet comprising zirconia as a ceramic and a 
metal capable of reducing NOx as the measurement 
gas component. Accordingly, the detecting electrode 60 
functions as a NOx-reducing catalyst for reducing NOx 
existing in the atmosphere in the second chamber 20. 
Further, the oxygen in the atmosphere in the second 
chamber 20 can be pumped out to the reference gas- 
introducing space 16 by applying a constant voltage 
Vp2 between the detecting electrode 60 and the refer- 
ence electrode 48 by the aid of a DC power source 66. 
The pumping current Ip2, which is allowed to flow in 
accordance with the pumping operation performed by 
the measuring pumping cell 64, is detected by an 
ammeter 68. 

[0051] The constant voltage (DC) power source 66 
can apply a voltage of a magnitude to give a limiting cur- 
rent to the pumping for oxygen produced during decom- 
position in the measuring pumping cell 64 under the 
inflow of NOx restricted by the fourth diffusion rate- 
determining section 62. 

[0052] On the other hand, an auxiliary pumping elec- 
trode 70 having a substantially rectangular planar con- 
figuration and composed of a porous cermet electrode 
(for example, a cermet electrode of Pt»Zr0 2 containing 
1 % Au) is formed on the entire lower surface portion for 
forming the second chamber 20, of the lower surface of 
the second solid electrolyte layer 12f. An auxiliary elec- 
trochemical pumping cell, i.e., an auxiliary pumping cell 
72 is constructed by the auxiliary pumping electrode 70, 
the second solid electrolyte layer 12f, the second spacer 
layer I2e, the first solid electrolyte layer 12d, and the 
reference electrode 48. 

[0053] The auxiliary pumping electrode 70 is based on 
the use of a material having a weak reducing ability or 
no reducing ability with respect to the NO component 
contained in the measurement gas, in the same manner 
as in the inner pumping electrode 40 of the main pump- 
ing cell 44. In this embodiment, it is preferable that the 
auxiliary pumping electrode 70 ts composed of, for 



example, a compound having the perovskite structure 
such as La 3 Cu0 4 , a cermet comprising a ceramic and a 
metal having a low catalytic activity such as Au, or a cer- 
met comprising a ceramic, a metal of the Pt group, and 

5 a metal having a low catalytic activity such as Au. Fur- 
ther, when an alloy comprising Au and a metal of the Pt 
group is used as an electrode material, it is preferable to 
add Au in an amount of 0.03 to 35 % by volume of the 
entire metal components. 

10 [0054] A desired constant voltage Vp3 is applied 
between the reference electrode 48 and the auxiliary 
pumping electrode 70 of the auxiliary pumping cell 72 
by the aid of an external DC power source 74. Thus, the 
oxygen in the atmosphere in the second chamber 20 

is can be pumped out to the reference gas-introducing 
space 16. 

[0055] Accordingly, the partial pressure of oxygen in 
the atmosphere in the second chamber 20 is allowed to 
have a low value of partial pressure of oxygen at which 

20 the measurement of the amount of the objective compo- 
nent is not substantially affected, under the condition in 
which the measurement gas component (NOx) is not 
substantially reduced or decomposed. In this embodi- 
ment, owing to the operation of the main pumping cell 

25 44 for the first chamber 18, the change in amount of 
oxygen introduced into the second chamber 20 is 
greatly reduced as compared with the change in the 
measurement gas. Accordingly, the partial pressure of 
oxygen in the second chamber 20 is accurately control- 

30 led to be constant. 

[0056] Therefore, in the gas sensor 10A according to 
the first embodiment constructed as described above, 
the measurement gas, for which the partial pressure of 
oxygen has been controlled in the second chamber 20, 

35 is introduced into the detecting electrode 60. 

[0057] As shown in FIG. 1, the gas sensor 10A 
according to the first embodiment further comprises a 
heater 80 for generating heat in accordance with elec- 
tric power supply from the outside. The heater 80 is 

40 embedded in a form of being vertically interposed 
between the first and second substrate layers 12a, 12b. 
The heater 80 is provided in order to increase the con- 
ductivity of oxygen ion. An insulative layer 82 composed 
of alumina or the like is formed to cover upper and lower 

45 surfaces of the heater 80 so that the heater 80 is electri- 
cally insulated from the first and second substrate layers 
12a, 12b. 

[0058] The heater 80 is arranged over the entire por- 
tion ranging from the first chamber 18 to the second 

so chamber 20. Accordingly, each of the first chamber 18 
and the second chamber 20 is heated to a predeter- 
mined temperature. Simultaneously, each of the main 
pumping cell 44, the controlling oxygen partial pressure- 
detecting cell 50, and the measuring pumping cell 64 is 

55 also heated to a predetermined temperature and main- 
tained at that temperature. 

[0059] Next, the operation of the gas sensor 10A 
according to the first embodiment will be explained. At 
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first, the forward end of the gas sensor 10A is disposed 
in the external space. Accordingly, the measurement 
gas is introduced into the first chamber 18 under the 
predetermined diffusion resistance via the first diffusion 
rate-determining section 26, the buffering space 22, and s 
the second diffusion rate-determining section 28 (slit 
32). The measurement gas, which has been introduced 
into the first chamber 18, is subjected to the pumping 
action for oxygen, caused by applying the predeter- 
mined pumping voltage Vp1 between the outer pumping 10 
electrode 42 and the inner pumping electrode 40 which 
construct the main pumping cell 44. The partial pres- 
sure of oxygen is controlled to have a predetermined 
value, for example, 10* 7 atm. The control is performed 
by the aid of the feedback control system 52. 15 
[0060] The second diffusion rate-determining section 
28 serves to limit the amount of diffusion and inflow of 
oxygen in the measurement gas into the measuring 
space (first chamber 18) when the pumping voltage Vp1 
is applied to the main pumping cell 44 so that the cur- 20 
rent flowing through the main pumping cell 44 is sup- 
pressed. 

[0061 ] In the first chamber 1 8, a state of partial pres- 
sure of oxygen is established, in which NOx in the 
atmosphere is not reduced by the inner pumping elec- 25 
trode 40 in an environment of being heated by the exter- 
nal measurement gas and being heated by the heater 
80. For example, a condition of partial pressure of oxy- 
gen is formed, in which the reaction of 

30 

NO->1/2N 2 + 1/20 2 

does not occur, because of the following reason. That is, 
if NOx in the measurement gas (atmosphere) is 
reduced in the first chamber 1 8, it is impossible to accu- 35 
rately measure NOx in the second chamber 20 dis- 
posed at the downstream stage. In this context, it is 
necessary to establish a condition in the first chamber 
18 in which NOx is not reduced by the component which 
participates in reduction of NOx (in this case, the metal 40 
component of the inner pumping electrode 40). Specifi- 
cally, as described above, such a condition is achieved 
by using, for the inner pumping electrode 40. the mate- 
rial having a low ability to reduce NOx, for example, an 
alloy of Au and Pt. 45 
[0062] The gas in the first chamber 18 is introduced 
into the second chamber 20 under the predetermined 
diffusion resistance via the third diffusion rate-determin- 
ing section 30. The gas, which has been introduced into 
the second chamber 20. is subjected to the pumping so 
action for oxygen, caused by applying the voltage Vp3 
between the reference electrode 48 and the auxiliary 
pumping electrode 70 which constitute the auxiliary 
pumping cell 72 to make fine adjustment so that the par- 
tial pressure of oxygen has a constant and low value of 55 
partial pressure of oxygen. 

[0063] The third diffusion rate-determining section 30 
serves to limit the amount of diffusion and inflow of oxy- 



gen in the measurement gas into the measuring space 
(second chamber 20) when the voltage Vp3 is applied 
to the auxiliary pumping cell 72 so that the pumping cur- 
rent lp3 flowing through the auxiliary pumping ceil 72 is 
suppressed, in the same manner as performed by the 
second diffusion rate-determining section 28. 
[0064] The measurement gas, which has been con- 
trolled for the partial pressure of oxygen in the second 
chamber 20 as described above, is introduced into the 
detecting electrode 60 under the predetermined diffu- 
sion resistance via the fourth diffusion rate-determining 
section 62. 

[0065] When it is intended to control the partial pres- 
sure of oxygen in the atmosphere in the first chamber 
18 to have a low value of the partial pressure of oxygen 
which does not substantially affect the measurement of 
NOx, by operating the main pumping cell 44, in other 
words, when the pumping voltage Vp1 of the variable 
power source 46 is adjusted by the aid of the feedback 
control system 52 so that the voltage V1 detected by the 
controlling oxygen partial pressure-detecting cell 50 is 
constant, if the oxygen concentration in the measure- 
ment gas greatly changes, for example, in a range of 0 
to 20 %, then the respective partial pressures of oxygen 
in the atmosphere in the second chamber 20 and in the 
atmosphere in the vicinity of the detecting electrode 60 
slightly change in ordinary cases. This phenomenon is 
caused probably because of the following reason. That 
is, when the oxygen concentration in the measurement 
gas increases, the distribution of the oxygen concentra- 
tion occurs in the widthwise direction and in the thick- 
ness direction in the first chamber 1 8. The distribution of 
the oxygen concentration changes depending on the 
oxygen concentration in the measurement gas. 
[0066] However, in the case of the gas sensor 10A 
according to the first embodiment, the auxiliary pump- 
ing ceil 72 is provided for the second chamber 20 so 
that the partial pressure of oxygen in its internal atmos- 
phere always has a constant low value of the partial 
pressure of oxygen. Accordingly, even when the partial 
pressure of oxygen in the atmosphere introduced from 
the first chamber 18 into the second chamber 20 
changes depending on the oxygen concentration in the 
measurement gas, the partial pressure of oxygen in the 
atmosphere in the second chamber 20 can be always 
made to have a constant low value, owing to the pump- 
ing action performed by the auxiliary pumping cell 72. 
As a result, the partial pressure of oxygen can be con- 
trolled to have a low value at which the measurement of 
NOx is not substantially affected. 
[0067] NOx in the measurement gas introduced into 
the detecting electrode 60 is reduced or decomposed 
around the detecting electrode 60. Thus, for example, a 
reaction of 

NO -> 1/2N 2 + 1/20 2 
is allowed to occur. In this process, a predetermined 
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voltage Vp2, for example, 430 mV (700 °C) is applied 
between the detecting electrode 60 and the reference 
electrode 48 which construct the measuring pumping 
cell 64, in a direction to pump out the oxygen from the 
second chamber 20 to the reference gas-introducing 
space 16. 

[0068] Therefore, the pumping current Ip2 flowing 
through the measuring pumping cell 64 has a value 
which is proportional to a sum of the oxygen concentra- 
tion in the atmosphere introduced into the second 
chamber 20, i.e., the oxygen concentration in the sec- 
ond chamber 20 and the oxygen concentration pro- 
duced by reduction or decomposition of NOx by the aid 
of the detecting electrode 60. 

[0069] In this embodiment, the oxygen concentration 
in the atmosphere in the second chamber 20 is control- 
led to be constant by means of the auxiliary pumping 
cell 72. Accordingly, the pumping current Ip2 flowing 
through the measuring pumping cell 64 is proportional 
to the NOx concentration. The NOx concentration corre- 
sponds to the amount of diffusion of NOx limited by the 
fourth diffusion rate-determining section 62. Therefore, 
even when the oxygen concentration in the measure- 
ment gas greatly changes, it is possible to accurately 
measure the NOx concentration, based on the use of 
the measuring pumping cell 64 by the aid of the amme- 
ter 68. 

[0070] According to the fact described above, almost 
all of the pumping current value Ip2 obtained by operat- 
ing the measuring pumping cell 64 represents the 
amount brought about by the reduction or decomposi- 
tion of NOx. Accordingly, the obtained result does not 
depend on the oxygen concentration in the measure- 
ment gas. 

[0071 ] In the meantime, the gas sensor 1 0A according 
to the first embodiment undergoes the exhaust gas 
pressure pulsation in the external space. As a result, the 
oxygen suddenly enters the sensor element 14 via the 
gas-introducing port 24. However, the oxygen from the 
external space does not directly enter the first chamber 
18. but it enters the buffering space 22 disposed at the 
upstream thereof. That is. the sudden change in oxygen 
concentration, which is caused by the exhaust gas pres- 
sure pulsation, is counteracted by the buffering space 
22. Thus, the influence of the exhaust gas pressure pul- 
sation on the first chamber 18 is in an almost negligible 
degree. 

[0072] As a result, the oxygen-pumping amount 
effected by the main pumping cell 44 for the first cham- 
ber 18 is well correlated with the oxygen concentration 
in the measurement gas, and it is possible to improve 
the measurement accuracy obtained by using the 
measuring pumping cell 64. Simultaneously, the first 
chamber 18 can be commonly used, for example, as a 
sensor for determining the air-fuel ratio. 
[0073] Two illustrative experiments (conveniently 
referred to as "first illustrative experiment" and "second 
illustrative experiment") will now be described. The first 



illustrative experiment relates to Working Example 1 
and Comparative Example, in order to plot values of the 
pumping current Ip1 flowing through the main pumping 
cell 44 when the concentration of oxygen contained in 
5 the measurement gas was changed. Obtained results 
are shown in FIG. 6A (Comparative Example) and FIG. 
6B (Working Example 1). 

[0074] The second illustrative experiment relates to 
Working Example 1 and Comparative Example, in order 
10 to plot values of the detection current Ip2 flowing 
through the measuring pumping cell 64 when the con- 
centration of oxygen contained in the measurement gas 
was changed. Obtained results are shown in FIG. 7A 
(Comparative Example) and FIG. 7B (Working Example 

15 1). 

[0075] Comparative Example was arranged such that 
the first diffusion rate-determining section 26 was 
removed from the gas sensor 10A according to the first 
embodiment, and the buffering space 22 was not pro- 

20 vided at the upstream of the first chamber 18. Working 
Example 1 was arranged in the same manner as the 
gas sensor 10A according to the first embodiment. 
[0076] According to the results of these experiments, 
the following fact is understood for Comparative Exam- 

25 pie as shown in FIG. 6A. That is, the value of the pump- 
ing current Ip1 involves large dispersion even when the 
oxygen concentration is identical, and the correlation 
between the oxygen concentration and the pumping 
current Ip1 tends to disappear. Therefore, as shown in 

30 FIG. 7A, the detection current Ip2 also involves disper- 
sion, and the measurement accuracy for NOx is deteri- 
orated. This results from the fact that the first chamber 
18 is directly affected by the influence caused by the 
exhaust gas pressure pulsation in the external space. 

35 [0077] On the contrary, the following fact is under- 
stood for Working Example 1 as shown in FIG. 6B. That 
is, the value of the pumping current Ip1 is well correlated 
with the oxygen concentration. As a result, as shown in 
FIG. 7B, the detection current Ip2 hardly involves dis- 

40 persion. This results from the fact that the presence of 
the buffering space 22 counteracts almost all influences 
which would be otherwise caused by the exhaust gas 
pressure pulsation in the external space. 
[0078] Next, a modified embodiment 10Aa of the gas 

45 sensor 10A according to the first embodiment will be 
explained with reference to FIG. 8. Components or 
parts corresponding to those shown in FIG. 1 are desig- 
nated by the same reference numerals, duplicate expla- 
nation of which will be omitted. 

so [0079] As shown in FIG. 8, a gas sensor 10Aa accord- 
ing to the modified embodiment is constructed in 
approximately the same manner as the gas sensor 10A 
according to the first embodiment (see FIG. 1). How- 
ever, the former is different from the latter in that a 

55 measuring oxygen partial pressure-detecting cell 90 is 
provided in place of the measuring pumping cell 64. 
[0080] The measuring oxygen partial pressure-detect- 
ing cell 90 comprises a detecting electrode 92 formed 
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on an upper surface portion for forming the second 
chamber 20, of the upper surface of the first solid elec- 
trolyte layer 12d, the reference electrode 48 formed on 
the lower surface of the first solid electrolyte layer 12d, 
and the first solid electrolyte layer 12d interposed 5 
between the both electrodes 92, 48. 
[0081] in this embodiment, an electromotive force 
(electromotive force of an oxygen concentration cell) V2 
corresponding to the difference in oxygen concentration 
between the atmosphere around the detecting elec- w 
trode 92 and the atmosphere around the reference elec- 
trode 48 is generated between the reference electrode 
48 and the detecting electrode 92 of the measuring oxy- 
gen partial pressure-detecting cell 90. 
[0082] Therefore, the partial pressure of oxygen in the 75 
atmosphere around the detecting electrode 92, in other 
words, the partial pressure of oxygen defined by oxygen 
produced by reduction or decomposition of the meas- 
urement gas component (NOx) is detected as a voltage 
value V2 by measuring the electromotive force (voltage 20 
V2) generated between the detecting electrode 92 and 
the reference electrode 48 by using a voltmeter 94. 
[0083] The gas sensor 1 0 Aa according to the modified 
embodiment also includes the buffering space 22 dis- 
posed between the gas-introducing port 24 and the first 25 
chamber 18. Therefore, the sudden change in oxygen 
concentration due to the exhaust gas pressure pulsa- 
tion is counteracted by the buffering space 22. and the 
influence of the exhaust gas pressure pulsation on the 
first chamber 1 8 is in an almost negligible degree. 30 
[0084] As a result, the oxygen-pumping amount 
effected by the main pumping cell 44 for the first cham- 
ber 18 is well correlated with the oxygen concentration 
in the measurement gas, and it is possible to improve 
the measurement accuracy obtained by using the 35 
measuring oxygen partial pressure-detecting cell 90. in 
the same manner as in the gas sensor 10A according to 
the first embodiment. Simultaneously, the first chamber 
18 can be commonly used, for example, as a sensor for 
determining the air-fuel ratio as well. 40 
[0085] Next, a gas sensor 10B according to the sec- 
ond embodiment will be explained with reference to 
FIGS. 9 to 14B. Components or parts corresponding to 
those shown in FIG. 1 are designated by the same ref- 
erence numerals, duplicate explanation of which will be 45 
omitted. 

[0086] As shown in FIGS. 9 and 10, the gas sensor 
10B according to the second embodiment is con- 
structed in approximately the same manner as the gas 
sensor 10A according to the first embodiment (see FIG. so 
1). However, the former is different from the latter in the 
following points. 

[0087] Firstly, as also shown in FIG. 1 1 , the first diffu- 
sion rate-determining section 26 is constructed as a 
communication hole 100 having a horizontal length 55 
longer than a vertical length formed at a portion contact- 
ing with the lower surface of the second solid electrolyte 
layer 1 2f at the front end of the second spacer layer 1 2e. 



Secondly, as also shown in FIG. 12. the second diffu- 
sion rate-determining section 28 is constructed as a 
communication hole 102 having a horizontal length 
longer than a vertical length formed at a portion contact- 
ing with the upper surface of the first solid electrolyte 
layer 12d, of the second spacer layer 12e intervening 
between the buffering space 22 and the first chamber 
18. Finally, as also shown in FIG. 13, the third diffusion 
rate<Jetermining section 30 is constructed as a commu- 
nication hole 1 04 having a horizontal length longer than 
a vertical length formed at a portion contacting with the 
upper surface of the first solid electrolyte layer 12d, of 
the second spacer layer 12e intervening between the 
first chamber 18 and the second chamber 20. The gas 
sensor 1 0B is different from the gas sensor 1 0A accord- 
ing to the first embodiment in the foregoing points. 
[0088] The communication hole 100 for constructing 
the first diffusion rate-determining section 26 and the 
communication hole 102 for constructing the second dif- 
fusion rate-determining section 28 are arranged in the 
following positional relationship. That is, when viewed 
on projection planes opposing to the gas-introducing 
direction, the communication hole 100 for constructing 
the first diffusion rate-determining section 26 is not 
overlapped with the communication hole 102 for con- 
structing the second diffusion rate-determining section 
28. In other words, they are formed such that the input 
into the buffering space 22 and the output therefrom are 
not aligned on a straight line. Of course, the communi- 
cation holes 100. 102 may be positionally arranged to 
partially overlap with each other, or they may be 
arranged to make coincidence with each other. Further, 
a porous member such as alumina may be embedded 
in the communication hole 100 and/or the communica- 
tion hole 102. 

[0089] In the embodiment shown in FIGS. 9, 10, and 
13, the communication hole 104 for constructing the 
third diffusion rate-determining section 30 is formed to 
make contact with the upper surface of the first solid 
electrolyte layer 12d. Alternatively, the communication 
hole 104 may be formed to make contact with the lower 
surface of the second solid electrolyte layer 12f. 
[0090] When the gas sensor 1 0B according to the sec- 
ond embodiment is used, the oxygen suddenly enters 
the sensor element 14 via the gas-introducing port 24 
due to the exhaust gas pressure pulsation in the exter- 
nal space. However, the oxygen from the external space 
does not directly enter the first chamber 18, but it enters 
the buffering space 22 disposed at the upstream 
thereof. That is, the sudden change in oxygen concen- 
tration, which is caused by the exhaust gas pressure 
pulsation, is counteracted by the buffering space 22. 
Thus, the influence of the exhaust gas pressure pulsa- 
tion on the first chamber 18 is in an almost negligible 
degree. 

[0091] As a result, the oxygen-pumping amount 
effected by the main pumping cell 44 in the first cham- 
ber 18 is well correlated with the oxygen concentration 
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in the measurement gas, and it is possible to improve 
the measurement accuracy obtained by using the 
measuring pumping cell 64. Simultaneously, the first 
chamber 18 can be commonly used, for example, as a 
sensor for determining the air-fuel ratio. 5 
[0092] An illustrative experiment (conveniently 
referred to as "third illustrative experiment") will now be 
described The third illustrative experiment relates to 
Working Example 2 and Comparative Example, in order 
to plot values of the pumping current Ip1 flowing through 10 
the main pumping cell 44 when the concentration of 
oxygen contained in the measurement gas was 
changed. Obtained results are shown in FIG. 14A 
(Comparative Example) and FIG. 14B (Working Exam- 
ple 2). 15 
[0093] Comparative Example was arranged in the 
same manner as the gas sensor used in the first and 
second illustrative experiments described above. Work- 
ing Example 2 was arranged in the same manner as the 
gas sensor 1 0B according to the second embodiment 20 
[0094] According to the results of the experiment, the 
following fact is understood for Comparative Example 
as shown in FIG. 1 4A. That is, the value of the pumping 
current Ip1 involves large dispersion even when the oxy- 
gen concentration is identical, and the correlation 25 
between the oxygen concentration and the pumping 
current Ip1 tends to disappear. Therefore, the detection 
current Ip2 also involves dispersion, and the measure- 
ment accuracy for NOx is deteriorated. This results from 
the fact that the first chamber 18 is directly affected by 30 
the influence caused by the exhaust gas pressure pul- 
sation in the external space. 

[0095] On the contrary, the following fact is under- 
stood for Working Example 2 as shown in FIG. 14B. 
That is, the value of the pumping current Ip1 is well cor- 35 
related with the oxygen concentration. As a result, the 
detection current Ip2 hardly involves dispersion. This 
results from the fact that the presence of the buffering 
space 22 counteracts almost all influences which would 
be otherwise caused by the exhaust gas pressure pul- 40 
sation in the external space. 

[0096] Next, a modified embodiment 10Ba of the gas 
sensor 1 0B according to the second embodiment will be 
explained with reference to FIG. 15. Components or 
parts corresponding to those shown in FIG. 9 are desig- 45 
nated by the same reference numerals, duplicate expla- 
nation of which will be omitted. 
[0097] As shown in FIG. 15, a gas sensor 10Ba 
according to the modified embodiment is constructed in 
approximately the same manner as the gas sensor 1 0B so 
according to the second embodiment (see FIG. 9). 
However, the former is different from the latter in that a 
measuring oxygen partial pressure-detecting cell 90 is 
provided in place of the measuring pumping cell 64. 
[0098] In this embodiment, an electromotive force 55 
(electromotive force of an oxygen concentration cell) V2 
corresponding to the difference in oxygen concentration 
between the atmosphere around the detecting elec- 



trode 92 and the atmosphere around the reference elec- 
trode 48 is generated between the reference electrode 
48 and the detecting electrode 92 of the measuring oxy- 
gen partial pressure-detecting cell 90, in the same man- 
ner as in the modified embodiment 1 0Aa (see FIG. 8) of 
the gas sensor 10A according to the first embodiment. 
[0099] Therefore, the partial pressure of oxygen in the 
atmosphere around the detecting electrode 92, in other 
words, the partial pressure of oxygen defined by oxygen 
produced by reduction or decomposition of the meas- 
urement gas component (NOx) is detected as a voltage 
value by measuring the electromotive force (voltage V2) 
generated between the detecting electrode 92 and the 
reference electrode 48 by using a voltmeter 94. 
[01 00] The gas sensor 1 0Ba according to the modified 
embodiment also includes the buffering space 22 dis- 
posed between the gas-introducing port 24 and the first 
chamber 18. Therefore, the sudden change in oxygen 
concentration due to the exhaust gas pressure pulsa- 
tion is counteracted by the buffering space 22, and the 
influence of the exhaust gas pressure pulsation on the 
first chamber 18 is in an almost negligible degree. 
[0101] As a result, the oxygen-pumping amount 
effected by the main pumping cell 44 for the first cham- 
ber 18 is well correlated with the oxygen concentration 
in the measurement gas. and it is possible to improve 
the measurement accuracy obtained by using the 
measuring oxygen partial pressure-detecting cell 90, in 
the same manner as in the modified embodiment 10Aa 
of the gas sensor according to the first embodiment. 
Simultaneously, the first chamber 18 can be commonly 
used, for example, as a sensor for determining the air- 
fuel ratio. 

[0102] Consideration will now be made for the rela- 
tionship between the pumping current Ip1 flowing 
through the main pumping cell 44 and the volume of the 
buffering space 22. 

[0103] It is considered that the volume of the prefera- 
ble buffering space 22 has any relationship with the 
pumping current Ip1 flowing through the main pumping 
cell 44. 

[0104] Concerning the gas sensor 10B (see FIG. 9) 
according to the second embodiment it is assumed that 
the respective gas diffusion resistances of the first and 
second diffusion rate-determining sections 26, 28 are 
D1 and D2, the respective cross-sectional areas of the 
communication hole 100 having the longer horizontal 
length for constructing the first diffusion rate-determin- 
ing section 26 and the communication hole 102 having 
the longer horizontal length for constructing the second 
diffusion rate-determining section 28 are S1 and S2, 
and the lengths of the communication holes 100, 102 
along the gas-introducing direction are L1 and L2 
respectively. On this assumption, the following expres- 
sions are given. 

D1 = L1/S1 
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D2 = L2/S2 

[0105] The pumping current Ip1 flowing through the 
main pumping cell 44 is approximated by the following 
expression. 

Ip1 * (4F/RT) x D x (S/L) x (POe - POd) 

[0106] In the expression, F represents the Faraday 
constant (A -sec), R represents the gas constant (= 
82.05 cm 3 • atm/K • mo!), T represents the absolute 
temperature (K). D represents the gas diffusion coeffi- 
cient of oxygen (= 1.68 cm 2 /sec), S/L represents the 
reciprocal of combined value of the diffusion resist- 
ances D1 and D2 t and (POe - POd) represents the dif- 
ference between the oxygen concentration of the 
measurement gas in the external space and the oxygen 
concentration in the first chamber 18. 
[01 07] The gas sensors 1 0A, 1 0B according to the first 
and second embodiments (including the respective 
modified embodiments 10Aa. 10Ba) are constructed 
such that the volume of the buffering space 22 is deter- 
mined depending on the magnitude of the combined 
value US of the diffusion resistances D1, D2. 
[01 08] For example, both of the gas sensors 1 0A, 1 0B 
according to the first and second embodiments are 
formed such that the first diffusion rate-determining sec- 
tion 26 and the second diffusion rate-determining sec- 
tion 28 are provided in series. Accordingly, the 
combined value of the respective diffusion resistances 
D1 , D2 is D1 + D2. Therefore, the volume of the buffer- 
ing space 22 has a size corresponding to D1 + D2. 
[0109] Especially, in the gas sensors 10A, 10B 
according to the first and second embodiments, the dif- 
fusion resistance D1 of the first diffusion rate-determin- 
ing section 26 is set to be larger than the diffusion 
resistance D2 of the second diffusion rate-determining 
section 28. 

[01 1 0] Therefore, in the gas sensors 1 0A, 1 0B accord- 
ing to the first and second embodiments (including the 
respective modified embodiments 10Aa, 10Ba), the 
sudden invasion of the measurement gas into the buff- 
ering space 22. which would be caused by the exhaust 
gas pressure pulsation in the external space, can be 
suppressed more effectively. Thus, it is possible to 
exhibit, in a more effective manner, the effect of the buff- 
ering space 22 to eliminate the influence of the exhaust 
gas pressure pulsation on the first chamber 18. 
[01 1 1 ] Although not shown in the drawings, the com- 
munication hole 100 for constructing the first diffusion 
rate-determining section 26 and the communication 
hole 102 for constructing the second diffusion rate- 
determining section 28 may be formed at positions 
opposite to those adopted in the second embodiment 
(see FIG. 9). That is, the communication hole 100 may 
be formed at a position near to the first solid electrolyte 
layer I2d, and the communication hole 102 may be 
formed at a position near to the second solid electrolyte 



layer 12f. 

[0112] In this case, the communication hole 104 for 
constructing the third diffusion rate-determining section 
30 may be formed to make contact with the lower sur- 

5 face of the second solid electrolyte layer 12f. Alterna- 
tively, although not shown, the communication hole 104 
may be formed to make contact with the upper surface 
of the first solid electrolyte layer 1 2d. 
[0113] Next, two modified embodiments will be 

10 explained with reference to FIGS. 16 to 19 concerning 
the arrangement of the first and second diffusion rate- 
determining sections 26, 28 of the gas sensor 10B 
according to the second embodiment (including the 
modified embodiment 10Ba). 

is [0114] At first, the first modified embodiment is con- 
structed as follows as shown in FIGS. 16 and 1 7, based 
on the gas sensor 10B according to the second embod- 
iment. That is, a portion of the first solid electrolyte layer 
12d, which contacts with the buffering space 22, is 

20 removed to increase the volume of the buffering space 
22 twice. Accordingly, it is possible to further reduce the 
influence of the exhaust gas pressure pulsation on the 
first chamber 18. 

[0115] In this embodiment, the communication hole 
25 100 for constructing the first diffusion rate-determining 
section 26 is formed at the position in the second spacer 
layer I2e near to the second solid electrolyte layer 12f. 
Alternatively, the communication hole 100 may be 
formed at a position in the second spacer layer 1 2e near 
30 to the first solid electrolyte layer 12d. Further alterna- 
tively, the communication hole 100 may be formed at a 
position in the first solid electrolyte layer 12d near to the 
second spacer layer 12e, or the communication hole 
1 00 may be formed at a position in the first solid electro- 
ns lyte layer 1 2d near to the first spacer layer 12c. 

[01 1 6] Secondly, the second modified embodiment is 
constructed as follows as shown in FIGS. 18 and 19, 
based on the gas sensor 10B according to the second 
embodiment That is, a portion of the first solid electro- 
40 lyte layer 12d, which contacts with the buffering space 
22, is removed, and a part of the underlying first spacer 
layer 12c is further removed to increase the volume of 
the buffering space 22 by three times. Accordingly, it is 
possible to further reduce the influence of the exhaust 
45 gas pressure pulsation on the first chamber 1 8, as com- 
pared with the first modified embodiment described 
above (see FIG. 16). 

[01 17] In the embodiment shown in FIG. 1 8, the com- 
munication hole 100 for constructing the first diffusion 

so rate-determining section 26 is formed at the position in 
the second spacer layer 12e near to the second solid 
electrolyte layer 12f. Alternatively, the communication 
hole 100 may be formed at a position in the second 
spacer layer I2e near to the first solid electrolyte layer 

55 12d. 

[0118] Further alternatively, the communication hole 
1 00 may be formed at a position in the first solid electro- 
lyte layer 12d near to the second spacer layer 12e, or 



12 

ISDOCID: <EP 0937880A2_L> 



23 



EP 0 937 980 A2 



24 



the communication hole 100 may be formed at a posi- 
tion in the first solid electrolyte layer 1 2d near to the first 
spacer layer 12c. Further alternatively, the communica- 
tion hole 100 may be formed at a position in the first 
spacer layer 12c near to the first solid electrolyte layer 5 
1 2d. or the communication hole 1 00 may be formed at a 
position in the first spacer layer 12c near to the second 
substrate layer 12b. 

[01 1 9] Next, a gas sensor 10C according to the third 
embodiment will be explained with reference to FIGS. 10 
20 to 24. Components or parts corresponding to those 
shown in FIG. 9 are designated by the same reference 
numerals, duplicate explanation of which will be omit- 
ted. 

[0120] As shown in FIGS. 20 to 22, the gas sensor 15 
1 0C according to the third embodiment is constructed in 
approximately the same manner as the gas sensor 10B 
according to the second embodiment (see FIG. 9). 
However, the former is different from the latter in that the 
first and second diffusion rate-determining sections 26, 20 
28 are slits 120, 122 each having a vertical length 
longer than a horizontal length. 
[0121] The embodiment shown in FIGS. 21 and 22 is 
illustrative of a case in which the slit 120 for constructing 
the first diffusion rate-determining section 26 and the slit 25 
122 for constructing the second diffusion rate-determin- 
ing section 28 are formed at positions approximately 
identical with each other, as viewed on projection 
planes opposing to the gas-introducing direction. 
[0122] Of course, the slits 120, 122 may be position- 30 
ally arranged to partially overlap with each other, or they 
may be arranged to make no overlap with each other. 
Further, a porous member such as alumina may be 
embedded in the slit 120 and/or the slit 122. 
[01 23] The arrangement may be realized, for example, 35 
as follows so that the slits 120, 122 are not overlapped 
with each other. That is, as shown in FIG. 23, the slit 
1 20 having the longer vertical length for constructing the 
first diffusion rate-determining section 26 is formed, for 
example, at a position deviated toward the right side (or 40 
at a position deviated toward the left side), when the 
sensor element 14 is viewed from a position in front 
thereof, while as shown in FIG. 24, the slit 122 for con- 
structing the second diffusion rate-determining section 
28 is formed at a position deviated toward the left side 45 
(or at a position deviated toward the right side). 
[0124] The gas sensor 10C according to the third 
embodiment may be also provided with the measuring 
oxygen partial pressure-detecting cell 90 in place of the 
measuring pumping cell 64 in the same manner as in so 
the modified embodiment 10Ba (see FIG. 15) of the gas 
sensor 10B according to the second embodiment. Fur- 
ther, the gas sensor 10C according to the third embodi- 
ment may be constructed as follows in the same 
manner as in the first modified embodiment (see FIG. 55 
16) and the second modified embodiment (see FIG. 18) 
of the gas sensor 10B according to the second embodi- 
ment. That is, a portion of the first solid electrolyte layer 



12d contacting with the buffering space 22 may be 
removed to increase the volume of the buffering space 
22 twice. Further, a portion of the first solid electrolyte 
layer 1 2d contacting with the buffering space 22 may be 
removed, and a part of the underlying first spacer layer 
12c may be removed to increase the volume of the buff- 
ering space 22 by three times. 

[0125] Also in these embodiments, the slit 120 for con- 
structing the first diffusion rate-determining section 26 
may be provided in the first solid electrolyte layer 12d. 
Especially, in the case of the gas sensor of the type in 
which the volume of the buffering space 22 is increased 
by three times (see FIG. 18). the slit 120 may be pro- 
vided in the first spacer layer 12c. 
[0126] Next, a gas sensor 10D according to the fourth 
embodiment will be explained with reference to FIGS. 
25 to 27. Components or parts corresponding to those 
shown in FIG. 9 are designated by the same reference 
numerals, duplicate explanation of which will be omit- 
ted. 

[0127] As shown in FIGS. 25 to 27, the gas sensor 
10D according to the fourth embodiment is constructed 
in approximately the same manner as the gas sensor 
10B according to the second embodiment (see FIG. 9). 
However, the former is different from the latter in that the 
first and second diffusion rate-determining sections 26, 
28 are small holes 1 10, 1 12 each having a substantially 
circular cross section. 

[0128] In this embodiment, it is preferable that the 
small hole 110 for constructing the first diffusion rate- 
determining section 26 is not overlapped with the small 
hole 112 for constructing the second diffusion rate- 
determining section 28, when they are viewed on pro- 
jection planes opposing to the gas-introducing direction. 
This arrangement may be realized, for example, as fol- 
lows as shown in FIGS. 26 and 27. That is, the small 
hole 110 for constructing the first diffusion rate-deter- 
mining section 26 is formed at a substantially central 
portion in the widthwise direction of the second spacer 
layer 12e, the portion being in the vicinity of the second 
solid electrolyte layer 12f disposed thereover. The small 
hole 112 for constructing the second diffusion rate- 
determining section 28 is formed at a substantially cen- 
tral portion in the widthwise direction of the second 
spacer layer 12e, the portion being in the vicinity of the 
first solid electrolyte layer 12d disposed thereunder. 
[0129] Of course, the arrangement described above 
may be realized as follows. That is, the small hole 110 
for constructing the first diffusion rate-determining sec- 
tion 26 is formed, for example, at a position deviated 
toward the right side, when the sensor element 14 is 
viewed from a position in front thereof, while the small 
hole 112 for constructing the second diffusion rate- 
determining section 28 is formed at a position deviated 
toward the left side. 

[0130] The small holes 1 10, 1 12 may be positionaliy 
arranged to partially overlap with each other, or they 
may be arranged to make coincidence with each other. 
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Further, a porous member such as alumina may be 
embedded in the small hole 110 and/or the small hole 
112. 

[0131] The gas sensor 10D according to the fourth 
embodiment may be also provided with the measuring 5 
oxygen partial pressure-detecting cell 90 in place of the 
measuring pumping cell 64 in the same manner as in 
the modified embodiment 10Ba (see FIG. 15) of the gas 
sensor 10B according to the second embodiment. Fur- 
ther, the gas sensor 1 0D according to the fourth embod- i o 
iment may be constructed as follows in the same 
manner as in the first modified embodiment (see FIG. 
16) and the second modified embodiment (see FIG. 18) 
of the gas sensor 10B according to the second embodi- 
ment. That is, a portion of the first solid electrolyte layer 15 
12d contacting with the buffering space 22 may be 
removed to increase the volume of the buffering space 
22 twice. Further, a portion of the first solid electrolyte 
layer 12d contacting with the buffering space 22 may be 
removed, and a part of the underlying first spacer layer 20 
12c may be removed to increase the volume of the buff- 
ering space 22 by three times. 

[0132] Also in these embodiments, the small hole 110 
for constructing the first diffusion rate-determining sec- 
tion 26 may be provided in the first solid electrolyte layer 25 
I2d. Especially, in the case of the gas sensor of the type 
in which the volume of the buffering space 22 is 
increased by three times (see FIG. 18), the small hole 
110 may be provided in the first spacer layer 12c. 
[0133] Next, a gas sensor 10E according to the fifth 30 
embodiment will be explained with reference to FIGS. 
28 and 29. Components or parts corresponding to those 
shown in FIG. 9 are designated by the same reference 
numerals, duplicate explanation of which will be omit- 
ted. 35 
[0134] As shown in FIG. 28, the gas sensor 10E 
according to the fifth embodiment is constructed in 
approximately the same manner as the gas sensor 10B 
according to the second embodiment (see FIG. 9). 
However, the former is different from the latter in that a 40 
space section 130 is formed between the first diffusion 
rate-determining section 26 and the gas-introducing 
port 24 formed at the front end of the second spacer 
layer 12e. The space section 130 functions as a clog- 
ging-preventive section 1 30 for avoiding clogging of par- 45 
tides (for example, soot and oil combustion waste) 
produced in the measurement gas in the external space 
at the inlet of the buffering space 22 or in the vicinity 
thereof. Accordingly, it is possible to measure the NOx 
component more accurately by using the measuring so 
pumping cell 64. 

[0135] The gas sensor 10E according to the fifth 
embodiment may be also provided with the measuring 
oxygen partial pressure-detecting cell 90 in place of the 
measuring pumping cell 64 in the same manner as in 55 
the modified embodiment 10 Ba (see FIG. 15) of the gas 
sensor 10B according to the second embodiment. Fur- 
ther, the gas sensor 10E according to the fifth embodi- 



ment may be constructed as follows in the same 
manner as in the first modified embodiment (see FIG. 
16) and the second modified embodiment (see FIG. 18) 
of the gas sensor 10B according to the second embodi- 
ment. That is, a portion of the first solid electrolyte layer 
12d contacting with the buffering space 22 may be 
removed to increase the volume of the buffering space 
22 twice. Further, a portion of the first solid electrolyte 
layer 12d contacting with the buffering space 22 may be 
removed, and a part of the underlying first spacer layer 
12c may be removed to increase the volume of the buff- 
ering space 22 by three times. 

[0136] Also in these embodiments, the communica- 
tion hole 100 for constructing the first diffusion rate- 
determining section 26 may be formed at a position in 
the second spacer layer 12e near to the first solid elec- 
trolyte layer 12d. Alternatively, the communication hole 
1 00 may be formed at a position in the first solid electro- 
lyte layer 12d near to the second spacer layer 12e, or 
the communication hole 100 may be formed at a posi- 
tion in the first solid electrolyte layer 12d near to the first 
spacer layer 12c. Further alternatively, the communica- 
tion hole 100 may be formed at a position in the first 
spacer layer 12c near to the first solid electrolyte layer 
12d, or the communication hole 100 may be formed at a 
position in the first spacer layer 12c near to the second 
substrate layer 12b. 

[0137] Especially, when the same arrangement is 
adopted as that of the gas sensor of the type in which 
the volume of the buffering space 22 is increased by 
three times (see FIG. 18), for example, the opening of 
the clogging-preventive section 130 may be continu- 
ously formed to range over the first spacer layer 1 2c, the 
first solid electrolyte layer 12d, and the second spacer 
layer 12e as shown in FIG. 29. 

[0138] In the gas sensor 10E according to the fifth 
embodiment, the communication hole 102 for construct- 
ing the second diffusion rate-determining section 28 
and the communication hole 104 for constructing the 
third diffusion rate-determining section 30 are formed at 
each position in the second spacer layer 12e near to the 
first solid electrolyte layer 1 2d. Alternatively, as shown in 
FIG.30, the communication holes 102 and 104 may be 
formed at each position in the second spacer layer 12e 
near to the second solid electrolyte layer 12f. 
[0139] As shown in FIG. 31. the first diffusion rate- 
determining section 26 may be constructed as a com- 
munication hole 100a formed at a portion contacting 
with the lower surface of the second solid electrolyte 
layer 12f and a communication hole 100b formed at a 
portion contacting with the upper surface of the first 
solid electrolyte layer 12d. 

[01 40] Similarly, the second diffusion rate-determining 
section 28 may be constructed as a communication 
hole 1 02a formed at a portion contacting with the lower 
surface of the second solid electrolyte layer 12f and a 
communication hole 102b formed at a portion contact- 
ing with the upper surface of the first solid electrolyte 
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layer 12d. The third diffusion rate-determining section 
30 may be constructed as a communication hole 104a 
formed at a portion contacting with the lower surface of 
the second solid electrolyte layer 1 2f and a communica- 
tion hole 104b formed at a portion contacting with the 5 
upper surface of the first solid electrolyte layer 12d. 
[0141] The gas sensors 10A to 10E according to the 
first to fifth embodiments described above (including the 
respective modified embodiments 10Aa, 10Ba) are 
directed to NOx as the measurement gas component to 10 
be measured. However, the present invention is also 
effectively applicable to the measurement of bound oxy- 
gen-containing gas components such as H 2 0 and C0 2 
other than NOx, in which the measurement is affected 
by oxygen existing in the measurement gas. is 
[0142] For example, the present invention is also 
applicable, for example, to gas sensors which are con- 
structed to pump out 0 2 produced by electrolysis of 
C0 2 or H 2 0 by using the oxygen pump, and to gas sen- 
sors in which H 2 produced by electrolysis of H 2 0 is 20 
pumping-processed by using a proton ion-conductive 
solid electrolyte. 

[0143] It is a matter of course that the gas sensor 
according to the present invention is not limited to the 
embodiments described above, which may be embod- 25 
led m other various forms without deviating from the gist 
or essential characteristics of the present invention. 
[0144] Disclosed is a gas sensor (10A) for measuring 
a NOx concentration comprising a main pumping cell 
(44) and a detecting electrode (60). the main pumping 30 
cell (44) including an electrode (an inner pumping elec- 
trode (40) and an outer pumping electrode (42)) having 
no decomposing/reducing ability for NOx or a low 
decomposing/reducing ability for NOx, to be used so 
that an oxygen concentration in a first chamber (18) is 35 
controlled to have a predetermined value at which NO is 
not substantially decomposable, and the detecting elec- 
trode (60) having a certain decomposing/reducing abil- 
ity for NOx or a high decomposing/reducing ability for 
NOx, to be used so that NOx is decomposed to meas- 40 
ure the NOx concentration by measuring an amount of 
oxygen produced during this process, wherein a buffer- 
ing space (22) is provided between a gas-introducing 
port (24) and the first chamber (18). Accordingly, it is 
possible to avoid any influence of exhaust gas pressure 45 
pulsation generated in a measurement gas and improve 
the measurement accuracy on the detecting electrode. 

Claims 

50 

1 . A gas sensor comprising: 

a main pumping means (44) for pumping- 
processing oxygen contained in a measure- 
ment gas introduced from an external space 55 
via a gas-introducing port (24) into a process- 
ing space (18) formed and comparted by solid 
electrolytes (12d to 12f) contacting with said 



external space so that a partial pressure of oxy- 
gen in said processing space (18) is controlled 
to have a predetermined value at which a pre- 
determined gas component as a measurement 
objective is not decomposable; and 
an electric signal -generating conversion 
means for making conversion into an electric 
signal corresponding to an amount of oxygen 
contained in said measurement gas after being 
pumping-processed by said main pumping 
means (44), wherein: 

a measurement gas component contained in 
said measurement gas is measured on the 
basis of said electric signal supplied from said 
electric signal-generating conversion means, 
said gas sensor further comprising: 
a buffering space (22) provided between said 
gas-introducing port (24) and said processing 
space (18). 

2. The gas sensor according to claim 1 , wherein: 

said electric signal-generating conversion 
means comprises a measuring pumping 
means (64) for decomposing said measure- 
ment gas component contained in said meas- 
urement gas after being pumping-processed 
by said main pumping means (44), by means of 
catalytic action and/or electrolysis, and pump- 
ing-processing oxygen produced by said 
decomposition; and 

said measurement gas component contained 
in said measurement gas is measured on the 
basis of a pumping current (Ip2) flowing 
through said measuring pumping means (64) 
in accordance with said pumping process 
effected by said measuring pumping means 
(64). 

3. The gas sensor according to claim 1 . wherein: 

said electric signal-generating conversion 
means comprises an oxygen partial pressure- 
detecting means (90) for decomposing said 
measurement gas component contained in 
said measurement gas after being pumping- 
processed by said main pumping means (44), 
by means of catalytic action, and generating an 
electromotive force (V2) corresponding to a dif- 
ference between an amount of oxygen con- 
tained in a reference gas and an amount of 
oxygen produced by said decomposition; and 
said measurement gas component contained 
in said measurement gas is measured on the 
basis of said electromotive force (V2) detected 
by said oxygen partial pressure-detecting 
means (90). 



3NSDOCID: <EP 0937S30A2J_> 



29 



EP 0 937 980 A2 



30 



4. The gas sensor according to claim 1 , wherein: 

a first diffusion rate<letermining section (26) for 
giving a predetermined diffusion resistance to 
said measurement gas is provided on an intro- s 
ducing route for said measurement gas into 
said buffering space (22); and 
a second diffusion rate-determining section 
(28) for giving a predetermined diffusion resist- 
ance to said measurement gas is provided on 10 
an introducing route for said measurement gas 
from said buffering space (22) into said 
processing space (18). 

5. The gas sensor according to claim 4, wherein said is 
buffering space (22) has its volume which is deter- 
mined on the basis of at least each of said diffusion 
resistances of said first diffusion rate-determining 
section (26) and said second diffusion rate-deter- 
mining section (28). 20 

6. The gas sensor according to claim 4, wherein: 

said buffering space (22) has its front opening 
which constitutes said gas-introducing port 25 
(24); and 

said first diffusion rate-determining section (26) 
is formed so that said gas-introducing port (24) 
is covered therewith. 

30 

7. The gas sensor according to claim 4, wherein said 
first diffusion rate-determining section (26) and said 
second diffusion rate-determining section (28) are 
formed as narrow communication passages (32, 
100, 110, 120, and 34, 102, 1 12, 122) respectively. 35 

8. The gas sensor according to claim 7, wherein a 
position of said communication passage (32, 100, 
110, 120) for constructing said first diffusion rate- 
determining section (26) is not coincident with a 40 
position of said communication passage (34, 102, 
112, 122) for constructing said second diffusion 
rate-determining section (28), as viewed on projec- 
tion planes opposed to a direction of introduction of 
said gas. 45 

9. The gas sensor according to claim 4, wherein each 
of said first diffusion rate-determining section (26) 
and said second diffusion rate-determining section 
(28) is made of a porous member. so 

10. The gas sensor according to claim 1, wherein an 
area of a projection plane of said buffering space 
(22), which is opposed to a direction of introduction 

of said gas, is not less than an area of a projection 55 
plane of said processing space (18), which is 
opposed to said direction of introduction of said 
gas. 



1 1 . A gas sensor comprising: 

a main pumping means (44) for purnping- 
processing oxygen contained in a measure- 
ment gas introduced from an external space 
via a gas-introducing port (24) into a process- 
ing space (18) formed and comparted by solid 
electrolytes (12d to 12f) contacting with said 
external space so that a partial pressure of oxy- 
gen in said processing space (18) is controlled 
to have a predetermined value at which a pre- 
determined gas component as a measurement 
objective is not decomposable; and 
a measuring pumping means (64) for decom- 
posing said measurement gas component con- 
tained in said measurement gas after being 
pumping-processed by said main pumping 
means (44), by means of catalytic action and/or 
electrolysis, and pumping-processing oxygen 
produced by said decomposition, wherein: 
said measurement gas component contained 
in said measurement gas is measured on the 
basis of a pumping current (Ip2) flowing 
through said measuring pumping means (64) 
in accordance with said pumping process 
effected by said measuring pumping means 
(64), said gas sensor further comprising: 
a clogging-preventive section (130) and a buff- 
ering space (22) provided in series between 
said gas-introducing port (24) and said 
processing space (18), wherein: 
said clogging-preventive section (130) has its 
front opening which constitutes said gas-intro- 
ducing port (24); and 

a diffusion rate-determining section (26) for giv- 
ing a predetermined diffusion resistance to 
said measurement gas is provided between 
said clogging-preventive section (130) and said 
buffering space (22). 

12. A gas sensor comprising: 

a main pumping means (44) for pumping- 
processing oxygen contained in a measure- 
ment gas introduced from an external space 
via a gas-introducing port (24) into a process- 
ing space (18) formed and comparted by solid 
electrolytes (12d to 12f) contacting with said 
external space so that a partial pressure of oxy- 
gen in said processing space (18) is controlled 
to have a predetermined value at which a pre- 
determined gas component as a measurement 
objective is not decomposable; and 
an oxygen partial pressure-detecting means 
(90) for decomposing said measurement gas 
component contained in said measurement 
gas after being pumping-processed by said 
main pumping means (44), by means of cata- 
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lytic action, and generating an electromotive 
force (V2) corresponding to a difference 
between an amount of oxygen contained in a 
reference gas and an amount of oxygen pro- 
duced by said decomposition, wherein: 5 
said measurement gas component contained 
in said measurement gas is measured on the 
basis of said electromotive force (V2) detected 
by said oxygen partial pressure-detecting 
means (90), said gas sensor further compris- 10 
ing: 

a clogging-preventive section (130) and a buff- 
ering space (22) provided in series between 
said gas-introducing port (24) and said 
processing space (18), wherein: 75 
said clogging-preventive section (130) has its 
front opening which constitutes said gas-intro- 
ducing port (24); and 

a diffusion rate-determining section (26) forgiv- 
ing a predetermined diffusion resistance to 20 
said measurement gas is provided between 
said clogging-preventive section (130) and said 
buffering space (22). 
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oxygen produced during this process, wherein a buffer- 
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port (24) and the first chamber (18). Accordingly, it is 
possible to avoid any influence of exhaust gas pressure 
pulsation generated in a measurement gas and improve 
the measurement accuracy on the detecting electrode. 
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